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MEMORANDUM REPORT
ON SURFACE WATER AVAILABILITY IN THE
LAKE ISTOKPOGA - INDIAN PRAIRIE AREA

INTRODUCT ION

The Istokpoga - Indian Prairie basin occupies the northeast corner
of Glades County and the southeast corner of Highlands County. It is
bordered on the north by Lake Istokpoga, on the south by Lake Okeechobee.

The Kissimmee River lies on the east, while the Highlands Ridge borders

the west. It is approximately 416 square miles in area. Of this total,
approximately 55 sq. mi. lies between the interceptor levees (L-59, 60,and 61)
and Lake Okeechobee.

Roughly 70% of the land within the basin is undeveloped. 0f the 30%
which is developed, approximately 26% lies in improved pasture; the remain-
ing 4% is citrus and, to a lesser extent, truck crops.

Four canals {C-40, C-41, C-39A and C-41A) traverse the basin from
Lake |stokpoga to Lake Okeechobee. The canals are the main water control
system, They remove excess water from the basin during the wet season
to Lake Okeechobee and are the primary conveyors of supplemental water
from Lake |stokpoga during the dry season. Only the Istokpoga Marsh Drainage
District and an area around Istokpoga‘Canal obtain supplemental water directly
from the lake. This latter area is approximately 16 sq. mi. in extent (not
inctuded in the 416 sq. mi. total, above).

The lower portion of the study area does not discharge into the canal
system, but discharges directly into Lake Okeechobee by way of Pumping
Stations 127, 129 and 131. Irrigation supply for this area Is derived from
Lake Okeechobee directly and, in a limited area, from the canal system

by way of the interceptor levee canals.



The map of Figure 1 shows the drainage basins of the primary canals,
the drainage areas of Pumping Stations 127, 129 and 131, the boundaries
of the lIstokpoga Marsh district, and the area irrigated from the lstokpoga
Canal.

The number of agricultural water users is presently very small but
represents a large portion of the total potentially irrigatable areas Under
the existing permit system these users are restricted to a maximum of 7.5
inches of water per month. However, this is presently the only constraint
on water use. This constraint is not related to hydrologic conditions of
water availability in the basin.

The main purpose of this study is to identify, quantify and evaluate
the hydrologic constraints operative in the study area which can have a
bearing on surface water allocations for agricultural irrigation use.

A corollary purpose of this study is to establish, in accordance with
the statutory requirements, minimum levels for Lake Istokpoga, minimum
flows to Lake Okeechobee to be maintained from the study area, and minimum
flows into Lake Istokpoga. These requirements, once established, act, in
turn, as three of the major hydrologic constraints on the amount of surface
water generated within the study area which is available for beneficial use
and allocation.

Recommendations will be made concerning:

1. Guidelines for use in the evaluation of new surface water

permit applications;
2. Treatment of valid surface water use permits in existence
prior to March 1, 1974;

3. Guidelines for water supply operations of the District system

in the study area;

4. Future courses of action, and continuing studies and data collection.
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GENERAL

The volume of surface water which is potentially available for
allocation for beneficial use in the Indian Prairie Area consists of
three components: (a) run-off generated over the basin south of Lake
Istokpoga and which 1s conveyed to Lake Okeechobee by Canals Lo, 41,
and 41A; (b) water in canal storage which represents that fraction
of groundwater in-seepage which is not discharged at the downstream
spillways plus any irrigation return flow which similarly is not dis-
charged from the basin; and (c) stored water in Lake Istokpoga which
can be conveyed into the basin south of Istokpoga by means of the same
canals.

The first component is transient water and although it can poten-
tially be made available for beneficial irrigation use by the development
of off-line storage by individual users, it is at present only marginally
useful, if at all, for meeting supplemental water requirements.

The second component undoubtedly plays some part in meeting supplemental
water requirements in the basin. It can probably be approximately quantified,
but not from presently available data. No attempt has been made in this
study to quantify it and consequently it is not considered at this time as
part of the allocable surface water.

The third component furnishes by far the greatest portion of the basin's
supplemental water supply. Lake Istokpoga serves as the study area's water
supply reservoir.

The total amount of water potentially available for allocation, there-
fore, is considered to be surplus run-off water and some portion of the
water stored in Lake Istokpoga. The canal storage (in-seepage) component

is available for use but because it is unquantifiable at this time, it is
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not included in the potentially allocable volumes. From the user's stand-
point, it provides a ''cushion' of some unknown value.

All of the excess run-off is potentially available for allocation and
use. However, minimum flow requirements to Lake Okeechobee must be met.
These requirements come 'off the top'' and thus the volume of excess run-off
water available for allccation is the potential volume minus the minimum
flow volume.

In further connection with the minimum flow requirement, only the
excess run-off component is used to meet this requirement. Under natural
conditions (prior to any canal construction) Lake lstokpoga only rarely,
if at all, contributed flows to Lake Okeechobee. It is not considered
reasonable to impose the minimum flow requirement on the limited stored water
resource of Lake !stokpoga.

Theoretically, all the stored water in Lake Istokpoga down to the
limits imposed by the configuration of $-68 and the adjacent lake bottom
is potentially available to meet supplemental water requirements. The
statute requires only the establishment of minimum lake levels. On the
above basis, then, the minimum level for Lake Istokpoga could be established
in conformity with the physical constraints of $-68 and the lake bottom.
However, the statute also instructs the water management districts to con-
sider such other factors as fish, wildlife and recreation. Recreational
boating use of the lake is an important consideration and together with
esthetic considerations, must be taken into account in setting minimum
levels.

The water actually available for allocation to the basin south of
Lake l1stokpoga, then, is constrained by whatever minimum lake levels are
established. 1In addition, it is considered that not all of the allocable

lake storage be made available for use in the basin south of the lake;
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that is, that some portion be reserved for contingent uses not now in
existence and not foreseen at this time. Consequently, it is believed

prudent at this time to reserve as unallocated 15% of the total allocable

ake storage volume for: (a) potential users around the lake, and (b) possible
permissible allocations from tributary streams; i.e., Arbuckle Creek,

Josephine Creek.



EXCESS RUN-OFF COMPONENT

This component is termed ''basin yield.'" The computation of monthly
basin yield is facilitated by dividing the basin into three parts, de-
termining the yield of each area, then summing. The major area of yield
consists of that region north of the interceptor canals whose runoff passes
through $-71, $-72, and $-84. The second area consists of a strip one mile
wide north of the interceptor canals whose runoff does not pass through $-71,
S-72, or S-84; and the third area of yield passes its water through Pumping
Stations S$-127, $-129, and S-131.

Yield in the first area was calculated by summing daily discharges
through $-71, $-72, and $-84. From this sum, daily discharges through S-68
were removed. The period of record used was from January, 1964 through
December, 1973.

Yield in the second area was estimated, since surplus runoff generated
in this area discharges below the lower control structures. This yield
was estimated, by proportioning areas, to be about 5 percent of the yield
produced from the first area.

Monthly values of discharge through $-127, $-129, and S$-131 were used
for yield in the area south of the interceptor canals. Five years of record
was avalilable for this area. Averaged monthly values were used to supply
missing data.

Monthly yields in each of the three areas were summed to give the total
basin yield (Table 1). Monthly basin yields were then arrayed in a frequency
distribution (Figures 2a, 2b, 2c, and 2d).

The question arises as to what yield volume should be considered that
which is allocable. It should be a volume on which the user can place some

reasonable reliance. Certainly neither the maximum nor minimum values meet
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this criterion. Use of the averages can result also in an unrealistic
picture, because of the short record; see for example the March average
which is obviously unbalanced because of the single large value for 1970.

Since it is a matter of probability, the two-year frequency value for
each month was selected (see Figures 2a, b, c and d) as representing the
potential allocable volume for the excess run-of f component of available
water supply.

An arbitrary judgment was made that the low flow on a five year re-
currence interval would be established as the minimum flow to be maintained
out of the basin into Lake Okeechobee.

Table 2 lists the monthly values for total basin yield, flow maintenance
requirement, and adjusted basin yield {or allocable volume), in acre feet.

None of these values have been adjusted to include irrigation withdrawals
which were made during the record period. The impact of such withdrawals
during the wet season is negligible. During the dry season the operating
pelicy of generally maintaining irrigation stage' by supply from Lake Istokpoga
makes it probable that the impact during those months is also negligible; i.e.,
supplemental water supply during the irrigation season is largely derived
from lake storage and therefore irrigation withdrawals are not a deduction

from the basin yield component.



LAKE 1STOKPOGA STORAGE COMPONENT

This portion of the water supply availability study necessarily starts
with the establishment of a minimum stage for Lake !stokpoga. The inter-
pretation taken for '"'minimum stage' in this instance is that it is that lake
level below which no further releases would be made for irrigation water use
in the basin south of the lake and in the areas served directly from the lake.

Based on staff knowledge of recreational navigation access problems in
the lake, and lake residents' views of desirable lake stages as expressed
at public meetings and in correspondence to the District, a judgment
determination was made setting minimum lake stage at 37.0 ft.msl. For com-
parison, the Project regulation schedule calls for a minimum flood storage
pool stage of 37.5 ft. msl. on June 1.

The first full year of project regulation was 1963. From 1963 through
1974 stage was at or slightly below 37.0 ft. msl. in June and July, 1967
and from mid-May to date, 1974. From May-August, 1971, subsequent to the
severe 1970-71 drought, stage was below 37.0 ft. msl. with a low stage
approximating 36.1 ft. msl. Accordingly, from several standpoints a stage of
37.0 ft. msl. appears to be a reasonable minimum. If anything, this minimum
favors agricultural water supply values over recreational navigation and esthetic
values.

Two approaches are possible: {a) to establish monthly minimum stage
vatues; and (b) to establish only a single absolute minimum stage. Each
approach has certain disadvantages. In the latter case it would be theoretically
possible to draw the lake stage down for irrigation water supply to the
minimum stage of 37.0 ft.msi. in February or March. Under this circumstance

natural dry season recession would produce stages well below 37.0 ft. in




missing data was estimated using averages of existing data.

The minimum monthly stages established in this fashion are keyed directly
to average monthly "natural'' depletion rates expressed as a percentage of
seasonal natural depletion. The stage recession (depletion) calculated in
this fashion is conservative in that tributary inflow is not considered. It
will be noted, also, that the greatest permissible drawdowns for irrigation
water supply occur during the months of April and May, normally the months
of greatest supplemental water demand.

In order to arrive at both minimum monthly stages for the wet season
(June through October) and the total volume of water potentially available
for allocation from Lake Istokpoga storage a theoretical, or 'fictitious',
stage computation was made. This fictitious stage is the stage to which
the lake would rise were there no discharges. It was calculated by adding
monthly discharges to actual lake stage.

Table 4 shows Lake |stokpoga monthly discharges in acre-feet. This is
the sum of $-68 discharges, |stokpoga Canal discharges (averaged for missing
data) and lIstokpoga Marsh Drainage District discharge {estimated).

Accumulated monthly discharges for each season are shown in Table 5.

The equivalent lake storage stage for this monthly accumulated discharge
was added to actual month-end lake stage (Table 6) to compute the fictitious
stage (Table 7). From the monthly fictitious stages, monthly changes in
fictitious stage were found using May 31 actual stage as the starting base
(Table 8). The changes in stage were then arrayed in a frequency dis-
tribution (Figure 3).

The frequency distribution of monthly, and accumulated, stage accretions
during the wet season shows that, theoretically, the October stage of 39.5 ft.
msl. can be achieved during the 1 in 20 year frequency rainfall deficient
period provided no regulatory or irrigation discharges are made during the

period. From this distribution wet season minimum monthly stages were
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derived using the accretions for the 20-year deficiency occurrence. These,
together with the suggested preliminary dry season minimums, are plotted
with the Project regulation schedule on Figure 4.

As noted above, the ''fictitious'' stage was also used to calculate
the total volume of water which arrives in Lake Istokpoga and can be con-
sidered potentially available to meet agricultural irrigation requirements in
the basin south of the lake. The once-in-two-year frequency actual end-of-
May lake stage is 37.6 ft.msl. {(see data listed for May 31 stage in Table 8).
The frequency array of Figure 3 shows the June | to November 1 once-in-two-
year frequency stage change to be 5.4 feet. Accordingly, the two-year
frequency November 1 fictitious stage is 43.0 ft. msl.

The total water potentially available, on a once-in-two-year frequency,
during the wet season is the difference between the fictitious November 1
stage of 43.0 ft. and the regulated stage of 39.5 ft. Using the Corps of
Engineers stage-storage curve for Lake Istokpoga, this volume is 108,500
acre-feet. Expressed in another fashion, and in practical terms, this is
the total volume of water which could potentially be drawn off from the lake
during the wet season and diverted into off-line reservoirs in the basin
south of the lake.

In the event water arriving in the lake is used in this fashion,
the minimum monthly wet season lake stages have some significance. They
then represent wet season lake stages below which diversions to off-line
reservoirs would not be permitted. If diversions were permitted to continue
at stages below these minimums, the District and other irrigation users could
not be reasonably assured that a November 1 stage of 39.5 ft. msl. would
be achieved.

On the other hand, if no off-line reservoir storage is created in the

basin south of the lake, the minimum monthly wet season stages have no
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practical application at this time. The reason for this is that releases
from the lake for "as needed" irrigation water supply during this period
are practically non-existent and thus insignificant.

The total volume of water arriving in the lake and potentially available
for irrigation water supply during the dry season can be similarly calculated
using the fictitious stage. The average énd of May fictitious lake stage
is 41.5 ft.ms1. (see Table 7); this also approximates the once-in-two-year
frequency fictitious stage of 41.6 ft. msl. The water potentially available
during the dry season, therefore, is that between 41.5 ft. msl. and the
established May minimum of 37.0 ft. msl. The stage-storage curve gives
a volume of 132,500 acre-feet between these stages. This method indirectly
accounts for inflow to the lake, evaporation losses and rainfall on the
lake.

An approximate verification of this value is obtained by examining
the releases actually made from the lake {whether regulatory or for water
supply) during the period of record. Table 4 lists the lake releases. The
average dry season release volume approximates 123,500 acre feet.

On page 5 of this report it was determined that 15% of the total volume
of water which arrives in Lake Istokpoga, and which is potentially available
for irrigation supply south of the lake, should be reserved for other
contingent purposes. Accordingly, the seasonal volumes of water arriving in
the lake which are allocable to agricultural users in the basin to the south
are 85% of the values given above, or:

Wet season - June thrﬁugh October = 92,200 A.F.
Dry season - November through May - 112,600 A.F.

As noted on page 1, the entire study area contains 416 sq. mi. All

of this area is involved in, and contributes to, the basin yield component

of allocable water. In considering the lake storage component the 55 sq. mi.
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area downstream of the interceptor levees must be subtracted from, and
the 16 sqg. mi. area adjacent to the Istokpoga Canal must be added to,
the 416 sq. mi. figure to arrive at the total area which receives supplemental
water supply, or can potentially receive such supply, from Lake Istokpoga.
This area, then is 377 sq. mi.

On this basis, the following tabulation gives an approximate indication
of water availability in acre-feet and in inches/acre for the area which
presently, or is potentially, irrigatable with water suppiied from the

District system.

From lake From basin Total
A.F. In/A A.F. in/A A.F, In/A
Wet Season 92,000 4.6 55,900 2.6 148,100 7.2
Dry Season 112,600 5.6 12,930 0.6 125,590 6.2
Annual 204,800 10.2 68,890 3.2 273,690 13.4

Final values to be used for permit application evaluation are presented

in Table 14 and are discussed under the heading "'Surface Water Allocations."
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It is recognized that establishing the tributary minimum flows in
this fashion in effect reserves upstream water for future downstream users.
However, at this time it appears that the ultimate demand for water generefated
in this basin will be significantly greater in the area below Istokpoga. Cir-
cumstances can nevertheless change and the equity of this type of distribution

of available water must be periodically evaluated.
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PRESENT IRRIGATION USE

Irrigation withdrawals from Lake [stokpoga are accomplished by two
means. These are: (a) withdrawals directly from the lake to Istokpoga Marsh
and to the area adjacent to Istokpoga Canal, and (b) withdrawals from the
canal system fed by the lake via S-68. Withdrawals from the canals were
calculated on a daily basis as the difference between that water which passed
through $-68 but did not leave through the lower structures (s-71, S$-72, and
5-84). These daily amounts were summed to determine monthly values. From
these sums and the total irrigated area, the amount of water applied per
acre was computed. This monthly amount applied per acre was used as the
basis for estimating withdrawals directly from the Lake to Istokpoga Marsh.

Table 13 gives the total estimated withdrawals. It can be seen that
the average dry season irrigation use has been approximately 36,000 acre feet.
This amount is one half of lake storage between stages 39.5 and 37.0 feet.
However, this figure does not include evaporation, inflow, precipitation or
seepage.

The area presently being irrigated is estimated at 55,000 acres. The
average dry season irrigation use of about 36,000 acre feet is, of course, for
the period of record during which Irrigated acreage has obviously increased,
A general idea of the magnitude of supplemental water use in the basin south
of Lake lstokpoga can be obtained by using the present estimated irrigated
acreage and the calculated average irrigation use over the period of record.
Using these values an average seasonal supplemental water application figure
of 7.9 inches per acre is derived. This somewhat low use rate is probably
accounted for by the high proportion of pasture land in the total irrigated

acreage.
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Referring to the tabulation on page 12, it will be noted that the
water available in the dry season alone is not sufficient to meet the estimated
level of demand with full basin development. To sustain a full level of
development or more intensive development, and to provide for rainfall deficient
periods, it appears that off-line storage of wet season surpluses will be
required or groundwater sources must be developed. Groundwater use in the
basin is presently limited to certain citrus groves in the northerly portion
of the study area which do not have ready access to surface water sources,

Until larger private capital investments in facilities for making water
available ""on the land" are made, it appears that agricultural development
witl largely be limited to improved pasture in areas having comparatively
easy and inexpensive access to the primary canal system.

Under present conditions of land development and irrigaticn practice,
demands can ordinarily be met. But critical conditions can arise in rainfall
deficient dry seasons, such as the 1973-74 season. lLake Istokpoga storage
just barely met minimum irrigation requirements as a result of a November,

1973 through April, 1974 rainfall deficiency of 7 inches. Lake [stokpoga dry
season storage alone will obviously be incapable of meeting expanded needs

during future pericds of even moderate stress.
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SURFACE WATER ALLOCATIONS

The basic premise is that, initially at least, the surface water which
has been determined to be available for allocation to the area south of Lake
Istokpoga be allocated on a unit land area basis. The tabulation on page 12
of this report is such a unit area allocaticn.

The second premise, based on the data compiled and analyzed in the pre~
paration of this report, is that surface water allocations to users in this
basin should be based on hydrologfc considerations. After taking into con-
sideration the mandated hydrologic constraints of:

1. Maintenance of minimum flows to Lake Okeechobee;

2. Maintenance of minimum flows in Arbuckle and Josephine

Creeks; and

3. Minimum Lake lstokpoga stages;
it is quite apparent that the basin does not generate abundant water surpluses.

The surface water available to the basin can be appropriated by users
through two means:

1. On an "as-needed" basis either directly from the lake or from

the District canal system; or

2. By impoundment either by diversion from the lake or canal system,

or by capture of runoff before it enters the canal system.

It is possible to issue allocation permits on a monthly, seasonal, or
annual basis; or some combination of these. The monthly, seasonal, and annual
values presented herein are to be used only as guides in the evaluation of
‘new applications or in the consideration of existing water use permits. They
represent maximum allocable volumes only; i.e., 1f an applicant requests a
lesser amount, that lesser amount will be allocated provided all other required
criteria are met.
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An applicant whose use will be on an "as-needed'" basis should be issued
an allocation only for an irrigation season withdrawa] and an annual total.
The maximum permissible allocations for those applicants who draw directly
from Lake Istokpoga {except the Istokpoga Marsh D.D.) will consist only of
the lake storage component. Exéept for the 55 sq.mi. area below the interceptor
levees, the maximum permissible allocations for all others in the basin will
consist of both the lake storage component and the basin yield component.
The Istokpoga Marsh D.D. is included in this latter group since runoff from
that area contributes to basin yield. Water allocations for the area below
the interceptor levees will be treated in another report.

Applicants whose use involves impoundment should be issued allocations
on a monthly basis. The basis for this is the assumption that this type of
use wili involve provision of facilities capable of diverting and impounding
large volumes of water. Without a monthly limitation the potential exists
for drawing lake and/or canal stages below established minimums to the
detriment of other users. As above, the distinction is to be made in
maximum permissible allocation volumes between direct lake withdrawals and
withdrawals from the canal system.

It is considered important to maintain as much flow of surplus water
into Lake Okeechobee as possible consistent with reasonable water use within
the basins in which the flow is generated. This consideration applies in
this study area. Consequently, impoundment pe}mittees should not be allowed
to divert or impound more than the maximum allowable monthly volumes unless
concurrent regulatory discharges from Lake Okeechobee are being made. This
constraint applies both to regulatory discharges from Lake Istokpoga and to

excess basin runoff.
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Table 14 lists the maximum permissible allocations for the two
types of use and the two withdrawal categories identified above. The table
lists total allocable volume for the basin and the unit land area maximum,
based on a 416 sq.mi. service area for the basin yield component and a
377 sq.mi. service area for the lake storage component. The monthly volumes
for the lake storage component have been distributed in five equal amounts for
the wet season., The distribution of the lake storage component for the dry season
is in accordance with the monthly percentages listed in Table 3.

The basin yield (or run-off excess) component incorporated in the values
listed in Table 14 assumes a uniform yield over the entire 416 sq.mi. drainage
basin. |t may become necessary at a later date to refine these values on a
canal drainage basin basis; but only when it becomes apparent that off-line

storage will be created to make maximum use of this component.
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MiNIMUM STAGES AND MINIMUM FLOWS

1. A comparison of the suggested preliminary monthly minimum lake
stages presented on Figure 4 with the actual month-end stages listed in

Table 6 indicates the following:

Actual Month-end Stage Average
Month Lower than Suggested Min. Stage Deficiency,ft.
November 3 of 10 months 0.57
December 2.1 ' 0.70
January L 0.72
February P o 0.42
March | L " 0.75
April P " 0.50
May 21 " 0.38
June 2 H 0.32
July 2t u " 0.45
August ] " 1.16
September 3 v " 0.25
October 6" " 0.48

The months with only 1 or 2 stage deficiency occurrences (December
through August) experienced the one deficiency during the 1370-71 drought;
in other words this deficiency represents a single severe occurrence. This
indicates that the minimum mbnthly Lake Istokpoga stages Initially
suggested for these months theoretically are generally appropriate. The
above tabulation also indicates that the suggested preliminary minimum stages
for the months of September through November require some adjustment to

conform more closely with actual experience.
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A comparison of present irrigation demand levels reveals that some
further adjustment is desirable in order to minimize the objections noted
on page 8 concerning termination of irrigation supply flows while apparently
ample storage still remains in the lake.

A more or less arbitrary judgment was applied in making these
adjustments. The following tabulation lists the recommended minimum monthly
stages for Lake !stokpoga. These represent those stages below whith, when
reached at any time during the month, no further water supply releases will
be made at $S-68 and users withdrawing directly from the lake will be notified

to terminate such withdrawals.

MONTH RECOMMENDED MIN.STAGE
November 38.8
December 38.5
January 38.4
February 38.4
March 38.3
April 37.5
May 37.0
June 37.0
July 37.3
August | 38.0
September 38.3
October 39.0

A visual representation of the storage represented by these minimum
stages In comparison with present average irrigation demand levels plus P-ET
is presented in Figure 7.

The recommended minimum lake stage schedule is a step-type schedule, and
is shown on Figure 4. 1t i{s expected that some flexibility will be possible,

and applied, in actual operations; for example near the end of the month of
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March where there is a difference of 0.8 ft. between the March and April
minimums. The allowable margin of flexibility is to be established, administrative-
ly, by the Department of Field Services. The stages listed above, however, will
be those officially adopted and published.

In adopting and publishing the minimum lake stage schedule the District
must reserve the right to periodically depart from that schedule for
environmental/water quality reasons.

2. Having established a schedule of minimum monthly stages below which no
irrigation releases will be made at $S-68 and no irrigation withdrawals
directly from the take will be permitted, it will be necessary to estahblish
minimum canal stages in the several reaches of Canals 40, 41, 41A and 39A.
Without establishing such minimum stages, when irrigation supply releases
at S-68 are terminated the tendency will be for irrigators to draw on cana!l
storage to the potential detriment of the canal section.

The minimum canal stages are to be determined by the Department of Field
Services. These minimums are to be officially established and published,
and should be made conditions of the water use permits issued by the District
for withdrawals from the canal system.

It is recommended that the termination of releases at $-68 when minimum
lake stage is reached be applicable only to irrigation water supply releases.
Releases required to maintain minimum canal stages (replacement of evaporation
losses, and seepage losses - if any) are to be made regardless of Lake
Istokpoga stage. The maintenance of minimum canal stages for the purposes
of protecting the District facility takes precedence, therefore, over the
maintenance of minimum lake stages.

3. Monthly minimum flow maintenance requirements to Lake Okeechobee are

listed in Table 2. At this point it appears to make little difference at
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which of six different discharge points (S-71, 72, 84, 127, 129, -or 131}
the minimum flows are delivered to the take. Accordingly, the sum of the
discharges at all six locations will be used to determine if minimum flow
maintenance requirements are being met. However, further studies in the
Lake may indicate the desirability of specifying amounts by location.

The Department of Field Services will have the responsibility for
ensuring that minimum flow requirements are met, applying whatever account-
ing procedures are suitable.

Lake !stokpoga water is not to be deliberately used to maintain minimum
flows to Lake Okeechobee. Consequently, when minimum Lake Istokpoga stage
is reached and only minimum stages in the canal system are being maintained,
the requirement for minimum flows to Lake Okeechobee is terminated. Both
the maintenance of minimum stages in Lake Istokpoga and the maintenance
of minimum canal stages takes precedence over flow maintenance requirements
to Lake Okeechobee.

It is recognized that there will be some difficulty during certain periods
in determining if minimum flows to Lake Okeechobee are being maintained by
Lake Istokpoga water, basin base flow, or a combination of both. This does
not appear to be too important a consideration and for present purposes can
be ignored.

Monthly minimum flow maintenance values from the basin to Lake Okeechobee
are to be officially adopted and published.

b. Flows in Arbuckle and Josephine Creeks are unregulated by the District.
Therefore, the minimum flow values listed in Tables 11 and 12 have no
operational implications. The establishment of these values is solely for the
purpose of providing the Regulation o Division an upper limit for the
maximum permissible future water use diversions in each of these watersheds.

These minimum monthly flow values are to be officially adopted and
published by the District.
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SHALLOW GROUNDWATER USE

For all practical purposes nothing fis khown concerning the extent,
depth and hydraulic characteristics of the shallow groundwater systems (water
table aquifers) in the basin south of Lake Istokpoga. The important con-
sideration is the degree of hydraulic connection of these aquifers with the
surface water system; that is, the extent to which shallow groundwater ex-
tractions affect surface water availability from the primary canais. Accordingly,
a highly arbitrary determination of criteria must be made on an interim
basis until more knowledge is obtained in this regard.
It will prima facie be assumed that all non-exempt groundwater extraction
systems:
(a) which are located within one mile of the centerline of any
of the primary canals;
(b) which are located within one mile of the centerline of any
canal connecting with the primary system and whose depth below
ground-level is in excess of 15 feet; or
(c) whose zero drawdown contour falls within these one mile 1imits,
are the equivalent of a system which withdraws water directly from the primary
canal network and will be treated in all respects in the same fashion., The
applicant will, of course, be given the opportunity to demonstrate that his
proposed extraction does not influence surface water availability. Failing such
demonsfration to the satisfaction of the District, the prima facie assumption
initially made will hold.
The above equivalency of groundwater extraction to surface water ex-
traction applies only to the basin yield component of total available, and

allocable, surface water.

..25..



WATER SUPPLY AND WATER USE ACCOUNTING

Chapter 373.042 provides that the Governing Board shall establish minimum
water levels and states that "the minimum water level shall be --- the level of
surface water at which further withdrawals would be significantly harmful to
the water resources of the area.'" This section of the statute further states
that "'when appropriate, minimum --- levels may be calculated to reflect seasonal
variations." Finally, this section states that '‘the governing board shall
also consider --- the protection of nonconsumptive uses in the establishment
of minimum --- levels.'

The approach recommended herein concerning minimum Lake Istokpoga stages
follows the above, admittedly discretionary, language. That is, by recommending
the establishment of monthly minimum stages full account is taken of ''seasonal
variations'" and due consideration is given to 'protection of nonconsumptive
uses." Neither of these factors is given appropriate weight if only a single
absclute minimum stage is established. Furthermore, the data presented herein
indicates that this approach will not be unreascnably restrictive of present
consumptive beneficial uses in the basin.

The provisions of the statute in another area, Chapter 373.175 dealing
with the declaration of water shortage and emergency orders, raise an issue of
some potential concern in terms of possible conflict with the provision for
establishing minimum stages. In practical terms the situation is this: when
Lake Istokpoga stage is above the monthly minimum full water allocations can
be met, but when stage recedes to the minimum, withdrawals are terminated; this
is a situation which can develop overnight.

The potential conflict arises from the fact that the statute implies

that, except under unusual clircumstances, reasonable notice be given that a
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water shortage exists. The situation described in the previous paragraph
does not, presumably, meet the requirement of reasonable notice to permitted
water users of an impending water shortage. (See also here Ch. 16CA-2.12(1),
Ch. 16CA-2.13(1) and {(2) of District Rules and Regulations).

This indicates that it will be necesgary to establish a simplified con-
tinuous accounting procedure wherein water supply is related to and compared
with estimated (or actual) water use. A plotting of Lake Istokpoga storage above
elevation 37.0 ft.msl. versus reverse accumulated {remaining) demand from
November 1 through May 31 will provide such an accounting method. This is a
set of graphs similar to that prepared for Lake Okeechobee and described in
the recent issue of "in Depth Report."

This set of supply-demand graphs should be maintained by the Regulation
Division, and can be developed in that Division. 1{t is recommended that the
average monthly estimated irrigation withdrawals, November-May, presented in
this memorandum report, together with the monthly P-ET values, be used initially
to develop the ''remaining demand' curve. To plot available supply, daily lake
stages (5-68) are to be furnished by the Department of Field Services, and the
Resource Planning Department will furnish stage-storage curves for conversion
of lake stage to stored water volume above elevation 37.0 ft.msl.

Figure 7 displays a set of supply-demand curves in which average period of
record month-end stage is used to determine available storage, as an example.

By maintaining a continuous plotting of available storage during the
irrigation season and relating this to both estimated remaining demand and monthly
minimum stages (storage levels) the Regulation Division will be Tn a
position to notify permittees of impending water shortages and the estimated size
of the deficiency. It will also be possible to develop a procedure whereby
water use can be reduced on a percentage basis when minimum monthly stages are
approached.
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PERMIT CLASSIFICATION

Chapter 373.246 states that the ''Governing Board shall adopt a
reasonable system of permit classification according to source of water supply,
method of extraction or diversion, use of water, or a combination thereof." The
Rules and Regulations adopted by the District pursuant to the statute state
in Chapter 16CA-2.12(2) that "for the purpose of the water shortage plan
only, each permit shall be classified according to source and use." (under-
scoring supplied).

The Rules and Regulations specify that each permit be given one or
both of the following source classifications: groundwater, and surface water.
They further specify that each permit be given one or more of the following
classifications as to use: domestic,.essential services, public supply,
livestock, agricultural, industrial, mining, power and recreational,

A water shortage condition is normally considered as being applicable
to a geographical area. However, & water shortage can occur with respect
to a particular source as well. Consequently, it is entirely possible that
within any geographical area there may be a shortage of water in one water
source located within that area and no shortage in another water source. The
classic example is a water shortage in a surface water/water table aquifer
system separated by an aquiclude from a deep aquifer system in which there
is ample water. The controlling factor is the degree of hydraulic inter-
connection between the several elements of the surface water system, the
surface water system and the groundwater table aquifers, and the shal low
aquifers and the deeper aquifers.

Therefore, a declaration of water shortage must, in most cases, describe
not only the geographical area in which the shortage exists but the source

which is deficient. The classification of permits as to "source'' must also
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take this into account. This means that, generally speaking, a simple
source classification distinction between "ground" and "surface'" sources
is insufficient. Adequate qualifiers must be applied to the two basic
source descriptions to clearly and sufficiently define the separable sources
which may possibly be treated differently under a water shortage declaration.
For the purposes of permit classification, the gecographical area to
which the system recommended herein will apply consists of:
1. A1l land areas which presently, or will in the future, receive
their water supply directly from Lake Istokpoga;
2. All of the lands which lie within the designated drainage
basins of Canals 40, 41, 41A and 39A, as generally shown
on the map of Figure 1; and
3. Those lands which presently receive their water supply from

the borrow canals of interceptor levees L-59, 60 and 61.

This specifically excludes those lands located between the inter-
ceptor levees and Lake Okeechobee, except for those parcels which by separate
agreement have been permitted to irrigate from water in the interceptor
borrow canals. As noted on page 16, this 55 sq. mi. area will be covered
in a separate report.

The following will be considered as a single source when application
of water shortage measures becomes necessary:

1. Lake Istokpoga.

2. Canals 40, 41, K1A and 39A.

3. The borrow canals of Levees 59, 60 and 61.
L. All ditches and canals connecting with items

2 and 3.

_29_



5. All ditches and canals from which water can be extracted
from Lake |stokpoga.
6. The water table aquifers having substantial hydraulic
connection with the elements of the surface water system
enumerated in items 1, 2, 3, 4 and 5.
Water shortage measures, when found necessary, will be applied to the above-
described elements as if they were a single water body.

The first 5 ltems are al! surface water bodies and it is suggested
permits issued for water withdrawals from all of -these be given the designation
g1t |tem 6 is a goundwater source and it is suggested permits for extraction
from that source be given the designation "G-1."

it is further suggested that all other water table aquifers in the
designated geographical area be given the designation ''G-2'", and that the
water body which has the generic name ''Floridan Aquifer'' (Artesian) be given the
designation '"G-3."

No overall classification as to use has been made as yet by the District.
However, it is not believed necessary to do this first; it is believed appropriate.
wherever possible, to establish use classifications on a basin basis.

Considering the ''source'' factor of the classification system as being
the practical equivalent of a geographical description for purposes of a
water shortage declaration, ''use' becomes the only factor of the classification
system (in the case of the study area of this report) which bears on the
manner in which use restrictions are to be applied. For example, under present
conditions of water use in this area, if there is a deficiency of stored
water In Lake |stokpoga a water shortage would be declared for the area
with restrictions to be applied only to those permits designated s and

Ng-1." The "'G-2" and "G-3" permits would not be affected. The nature of
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the restrictions in the area defined by geography and source, would be
dependent only on use.

It is believed that a pragmatic approach must be taken in establishing
use classifications for the Lake Istokpoga - Indian-Prairie Area and in
developing the use restriction formulae to be applied in the event of a
water shortage declaration. Such an approach takes cognizance of existing
water uses within the area and probable water uses in the immediately
foreseeable future. In addition, the District's immediate concern is with
respect to the single source having the source designations ''S'' and 'G-1."
Consequently, use classification (and restriction formulae) should at this
time be primarily oriented toward consideration of that source, and present
and foreseeable future uses of that source.

On this basis water use for power production and for major mining and
industrial enterprises can be eliminated from consideration. The targe
supplies of water needed to meet the requirements for such uses are not
available and the District would not consider issuing allocation permits
for such quantities of water. Smaller-size mining or industrial operations
(shell-pits, concrete batch plants, etc.) should, however, be considered.

Public recreational use has already been considered in the establishment
of minimum levels for Lake Istokpoga. Therefore, it can also be eliminated
from consideration in establishing use classifications.

Remaining to be considered, then, of the use types enumerated in

Chapter 16 CA~2.12 (2) (b} of the Rules and Regulations, are:

1. Domestic 5. Agricultural
2. Essential Service 6. Industrial (minor)
3. Public Supply 7. Mining (minor}

4. Livestock

-3]-—



Items 1 and 2 carry equal weight, as do Ttems 4 and 5%, and items 6 and
7. A general ordering of priority would thén be:

1. Domestic and Essential Services

2. Public Supply

3. Livestock and Agricultural

4, 1Industrial and Mining
%* There is some merit In the view that stock-watering is a superior use in
comparison with irrigatiﬁn. For present purposes, however, the assumption of
equivalency is adequate.

Public supply use is essentially a mixture of uses. |t includes uses
which are "domestic' and "essential services'' {drinking, cooking, sanitation,
fire-fighting, etc.). But it also includes uses which are the equivalent of
“agricultural' {lawn sprinkiing) and even the lower priority use "recreational®
(Filling swimming pools, car-washing, etc.). For this reason it is given
a priority ranking between priority | and priority 3. This mixture of uses
under the broad term ''Public Supply' plays a part in the development and
application of use restriction criteria.

If an appropriate water supply/demand accounting procedure is established,
as recommended herein, the advent of a potential water shortage condition will
be tracked. In addition, it is most likely that such conditions will occcur
for only comparatively short periods of time (April, May). For these reasons
(i.e.,timely action by the District, and short duration shortages) there
should be no reason for having to restrict priority 1 uses.

Concerning public water supplies, information which we have unofficially
obtained from reliable sources over the past several years indicates that

lawn irrigation can account for anywhere between 25% and 65% of the finished
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water production of municlipal suppliers. When the application of
restrictions becomes necessary, this share of public water supply allocation
should be treated the same as the priority 3 uses. It is recommended that
this share be established at 25%, with a maximum of 35%. (see following
presentation).

Finally, to reflect the somewhat lower priority for mining and Tndustrial
uses (priority 4) it is suggested that, arbitrarily, the percentage re-
striction applied to users (permittees) in this classification be 5 percentage
points greater than the percentage applied to priority 3 users.

In developing a water use restriction procedure it is recommended that
the primary basis be the assessment or forecast of monthly supplies and
demands. The capability should be developed, however, to make assessments
on a shorter time interval. The recommended procedure is described below.

1. If the forecast shortage for the month is 25% or less than the
estimated {or permitted) monthly demand:

In this case the priority 2 and priority 3 use restrictions are the

same.
tet D = estimated deficiency for month
Q = total monthly demand
= Q+Q +Q3+Q
X = percent reduction to be applied to priority 2 uses
where Q = total demand for priority 1 uses

Q, = total demand for priority 2 uses

<
W
I

total demand for priority 3 uses

Qy = total demand for priority 4 uses
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since priority 1 uses are not restricted, the Q) term is eliminated.
Then;
100D = X{Qu¥Q3) + (X+5(Qy) = X(Qa+Q3+Qy) + 5Q
Example: D = 20,000 A.F.; Q = 110,000 A.F.; Q; = 10,000 A.F.
Qp= 20,000 A.F.; Q3= 70,000 A.F.; Q = 10,000 A.F,

2 x 10

100,000X + 50,000

X

19.5%

And restriction percentages would be:

Priority 1 permits - 0%

Priority 2 permits - 19.5%
Priority 3 permits - 19.5%
Priority 4 permits -  24.5%

2. If the forecast shortage for the month is between 25% and 35% of the
estimated monthly demand:

In this case, the formula for case 1 is to be applied to the first 25%
of the total estimated monthly demand and a remaining shortage volume
determined. For the remainder of the shortage volume it is recommended that
the priority 3 use restrictions be set at 5 percentage points higher than the
priority 2 values.

For this remainder the formula would be:

1000 = X+Q7 + (X+5)Q3 + (X+10)Q,

= x(Q;+Q3+Qh) + 503 + 100
Where DI, QE, etc., are the remaining shortage and demand values.
Example:

D = 38,000 A.F.; all other values same as in previous example.

25%+ 110,000 A.F. = 27,500 A.F.

2+75x106

n

100,000X + 50,000 -

X = 27%
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RECOMMENDAT | ONS

The following recommendations are made:

I.

That the District adopt and publish by the appropriate and
necessary means the values for:
(a) Maintenance of minimum flows to Lake Okeechobee

(see page 7 and Table 2)
{(b) Maintenance of minimum flows in Arbuckle Creek

(see Table I1)
(¢) Maintenance of minimum flows in Josephine Creek

(see Table 12)
{(d}) Minimum monthly stages in Lake I|stokpoga

(see page 32 and Figure 4)
That the Department of Field Services establish minimum stages
for each controlled reach of Canals 40, 41, 41A and‘39A, and
that these be adopted and published by the District by the
appropriate and necessary means. {see page 27).
That new surface water allocations in the basin be made using the
values presented in Table 14 as guidelines for technical evaluation.
That serious consideration be given to applying the allocation
criteria of Table 14, based on hydrologic constraints, to existing
permits to be converted; the final decision here to be made by
the Executive Director upon the recommendation of the Regulation
Division.
That all permittees, both old and new, be placed constructively on
notice concerning the impact on water supply of the establishment of
minimum monthly stages for Lake |stokpoga; preferably as a special
condition of the permit.
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6.

10.

1.

12.

That the potential for conjunctive use of groundwater from the
water table aquifers and surface water be taken into account in
considering applications for shallow groundwater use in the

basin south of Lake Istokpoga. (see page 25).

. That the Department of Field Services adopt the following order

of operational priorities when circumstances exist such as to
make choices necessary: (see pages 23 and 24).

Priority 1: Maintenance of minimum canal stages,

Priority 2: Maintenance of minimum Lake [stokpoga stages.

Priority 3: Maintenance of flows to Lake Okeechobee.
That in issuing permits for impoundments in the basin such
permits stipulate that impoundment of surplus surface waters
above the allocated monthly amounts will not be allowed unless
concurrent regulatory discharges from Lake Okeechobee are being
made. (see page 19).
That the Regulation Division develop and'maintain a supply-
demand accounting procedure for the purpose of providing notice
to permittees of an impending or existing water shortage in the
area. (see page 27 and Figure 7}.

That a permit classification system and water shortage plan for

the Lake Istokpoga - Indian Prairie Area be established. (see page

28).

That all permittees, both old and new, be required to submit
monthly reports of water usage in a form satisfactory to the
District.

That the Resource Planning Department define the locations and
characteristics of the shallow aquifer systems in the basin

south of Lake Istokpoga to the extent necessary to reasonably
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13.

establish the hydraulic relationships between the aguifers
and the surface water system.
That all permits, both old and new, be re-evaluated as a unit

at the same time, and no later than mid-1977.
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MONTH
JAN.
FEB.
MAR.
APR.
MAY
JUNE
JULY
AUG.

SEPT.

0CT.
NOV.
DEC.
TOTAL

BASIN YIELD

FLOW MAINTENANCE

ADJUSTED
BASIN YIELD
(ALLOCABLE VOLUME)

TOTAL BASIN YIELD - REQUIREMENT
1,500 220
3,000 650
4,000 800
1,800 540
1,500 440

15,000 6,500
15,000 5,800
18,000 5,500
20,000 6,100
21,000 9,200
4,700 1,600
1,700 360

A11 values in acre-feet

‘TABLE 2
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1,280
2,350
3,200
1,260
1,060
8,500
9,200
12,500
13,900
11,800
3,100
740
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MONTH
JANUARY
FEBRUARY
MARCH
APRIL

MAY

JUNE

JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

ARBUCKLE CREEK DISCHARGE DATA IN ACRE-FEET

TWO YEAR
FREQUENCY

DISCHARGE

9,500
9.500
9,500
8,200
5,800
9,000
20,000
28,000
29,000
30,000
12,000
8,200

TRIBUTARY

ALLOCATION

475
475
475
410
290
450
1,000
1,400
1,450
1,500
600
410

‘TABLE 11

- 50 -

MINIMUM DISCHARGE
T0
LAKE ISTOKPOGA

9,025
9,025
9,025
7,790
5,510
8,550
19,000
26,600
27,550
28,500
11,400
7,790

MINIMUM
MONTHLY
FLOW RATE

IN CFS

4,558
4,558
4,558
3,934
2,783
4,318
9,596
13,430
13,910
14,390
5,758
3,934



MONTH
JANUARY
FEBRUARY
MARCH
APRIL
MAY

JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

JOSEPHINE CREEK DISCHARGE DATA IN ACRE-FEET

TWO YEAR
FREQUENCY

DISCHARGE

2,100
2,100
2,100
1,700
1,100
2,200
4,500
6,100
8,500
6,700
3,700
2,400

TRIBUTARY

~ ALLOCATION

105
105
105

85

55
110
225
305
425
335
155
120

TABLE 12

- 51 -

MINIMUM DISCHARGE
TO
LAKE ISTOKPOGA

1,995
1,995
1,995
1,615
1,045
2,090
4,275
5,795
8,075
6,365
2,945
2,280

MINIMUM
MONTHLY
FLOW RATE

IN CFS

1,008
1,008
1,008

816

528
1,056
2,159
2,927
4,078
3,215
1,487
1,152
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